Abstract. Yarmoohammadi M, Talebi SM, Nohooji MG. 2017. Infraspecific variations in essential oil and glandular trichomes in Nepeta heliotropifolia. Biodiversitas 18: 964-970. Nepeta heliotropifolia Lam. (Labiatae) is one of the perennial medicinal and aromatic plants, naturally grows in different regions of Iran. The essential oil composition of aerial parts and also the micromorphology and distribution of foliar trichomes of N. heliotropifolia from two different regions of Iran were studied. The extracted essential oils were significantly composed of caryophyllene oxide and phytol, which were quantified by GC and identified based on their GC/MS spectra. The essential oil compositions differed greatly with habitat as well as former investigations. Phytol was quantified between 0.75-10. 29% of the total essential oil, but caryophyllene oxide was quantified between 3.90-12.17% of the total essential oil. Trichomes investigations showed that leaves bear an indumentum of glandular and non-glandular hairs. Two main kinds of glandular trichomes were observed; peltate and capitate. The numbers of capitate and peltate trichomes varied between populations. Such great differences in the essential oil composition may be attributed to chemotype creation and also an adaptation of these populations to particular habitats.
INTRODUCTION
Investigations confirmed that various agents, for example, genetic, physiological or environmental variables, cause the chemical differences in essential oil composition. For this reason, although the essential oil chemical composition was genetically determined it can suffer influence as a result of many ecological parameters, especially when referring to vegetal material used in pharmacological, chemical and agronomic examinations, which their aims are obtain herbal medicines. Because, pharmacological qualities can vary due to changes in the compositions of essential oil (Lima et al. 2006; Paula et al. 2011) .
Former investigations on different medicinal plant species, such as sage (Russo et al. 2013 ) and chamomile (Formisano et al. 2015) , proved that environmental factors strongly influence the phytochemical compositions as well as biological activities of plants. Peltonen-Sainio et al. (2010) stated that the plant yield is the result of a complex interaction between weather, genotype, soil condition and management parameters on growth as well as development processes. Furthermore, other ecological factors such as irradiation, temperature, and also precipitation can directly and indirectly influence plant's yield (Takashima et al., 2013) . Manukyan and Schnitzler (2006) explained temperature mainly determine the quality and productivity of yield. In addition, the availability of water is the main factor to manufacture assimilates during various phases of growth used both for creation of vegetative dry matter and also for reserve carbohydrates in the vegetative tissues (Delfine et al. 2001) .
Nepeta is a genus of the Labiatae family and comprises of approximately 250 species. Many species of it are used for pharmaceutical purposes. These aromatic plants naturally grow in different regions of Iran and until now seventy nine species of Nepeta were listed by the country. Nepeta heliotropifolia Lam. is a perennial herb of the genus and grows naturally in Iran (Jamzad 2012) . It is important to know that aromatic species of Lamiaceae are economically very important due to the production of essential oils (Mc Caskill and Croteau 1995) .
Glandular and non-glandular hairs are widely distributed over the aerial parts of both reproductive as well as vegetative organs of Lamiaceae taxa, and the secretions of glandular trichomes contribute largely to their great importance. Glandular hairs are the primary secretory structures of these species, and their morphological traits can differ widely between taxa (Kaya et al., 2003) . Werker (1993) demonstrated these trichomes are often microscopic and secrete different kinds of constitutes, such as essential oil. It may act to protect the plant aerial parts against pathogens and also herbivores. Moreover, the biological activity of the secondary metabolites in the essential oil can be used in different industries, for example; pesticide, flavoring and fragrance and pharmaceutical (Werker 1993; Bisio et al. 1999) .
The aims of this study were to analyze the composition of essential oil of the aerial parts and trichomes morphology and densities of N. heliotropifolia, growing at two various habitats, in a quest to investigate the effects of ecological factors on trichomes and also their essential oil compositions. We observed that phytol was the major component in the essential oil of one population in the study that is never reported so far from N. heliotropifolia.
MATERIALS AND METHODS
In the study, the kind and frequency of glandular and non-glandular hairs were examined on both leaf sides of two populations of N. heliotropifolia. These populations were collected during spring 2016 from two different regions of Iran, i.e. Sefidkhani (Markazi Province) and Qazvin (Qazvin Province) (Table 1) , and were identified on the basis of the descriptions provided in valuable references such as; Flora Iranica (Rechinger 1982) and Flora of Iran (Jamzad 2012) .
Isolation and analysis of essential oils
At each population site, forty plant samples were selected depending on the size of the population with a minimum distance of 50 m. Then samples were mixed for homogenization, and used for isolation of essential oil. The essential oil was extracted from each population by hydrodistillation in the Clevenger apparatus during 2.5 h (European Pharmacopoeia 2008). Then it was dried with a salt (hydroussodium sulfate) and freezed until analysis. The identification of the essential oil compositions were relying on a GC-2010 Plus instrument equipped with a GC-QP 2010 Plus (Shimadzu) series mass selective detector in the electron impact ionization mode at 70 eV. Constitutes separation was done on fused silica column (30 m × 0.25 mm ID) with film thickness0.25mm. Helium was carrier gas and its flow rate was 1.6 mL/min. The injector and detector temperatures was 250•C. Initially, the temperature of GC oven was 50•C (isothermal for 7 min), then maximized to 250•C at the rate 4•C/min to (isothermal for 5 min) and further amplified at the rate 30•C/min to 300•C, the final temperature kept for 2 min. The identification of studied components was based on the retention indices (RIs) comparison (Adams, 2007) , library of computer mass spectra and analytical standards of compounds. The quantitative analysis of the main components were carried out using gas chromatograph with a flame ionization detector on the silica capillary column TR-5MS (30 m × 0.25 mm ID × 0.25 _m film thickness) (Thermo Electron Corporation, USA) under the same chromatographic conditions. The percentage quantities of the studied constituents were recounted pursuant to the FID chromatographic peaks areas assuming that all the essential oil compounds comprise 100%.
Trichomes investigations
From each population, five flowering stems and of each stem one mature leaf were selected, randomly. The samples of embedded leaves were used for microscopic studies. For this, a fresh adult leaf of each plant was fixed in an F.A.A. solution (formalin 7.5%: acetic acid 7.5% and 85% ethanol) for 48h. Transverse hand sections of the leaf lamina were made from the mid-part of a fully-grown leaf, then plant sections were immersed in two consecutive treatments of 5% KOH (18 h per treatment), rinsed in deionized water, treated for 1.5 minutes in glacial acetic acid, rinsed in deionized water, cleared in bleach solution (6% sodium hypochlorite) and rinsed in deionized water again. Following clearing, a series of ethanol were used for leaf dehydration. After these stages, sections stained in 1% carmine (in 99% water) for 40 min. and in 0.01% methylene blue for 10s, and mounted into microscope slides. Then, suitable thin slices were placed on the glass lamina, observed and photographed with Olympus (CH 2 ) light microscope. The used terminology in respect of trichomes kinds followed Esau (1965) .
The total number of each observed trichomes on the surfaces of leaves was counted. The leaves areas were measured from digital images and were analyzed by Image Tool ver. 2.0. The density of hairs was calculated by dividing the trichome number by the area of leaf (Gonzales et al. 2008) .
RESULTS AND DISCUSSION

Essential oil investigation
Essential oil content differed between 0.09-0.2% being minimum 0.09% in Qazvin population and maximum 0.2% in Sefidkhani population. Present investigation showed that, caryophyllene oxide and phytol were the major constituents of the essential oil in the samples of N. heliotropifolia. The results were listed in table 2, more that >97% of the total content of essential oils was determined by use of GC-MS analysis. This table presents the retention index (RI) of each compound. The compound numbers were nearly equal between the studied populations, 32 and 33 in Sefidkhani and Qazvin populations, respectively ( The main components of Qazvin population essential oil were; phytol (12.79%), α-copaene (11.96%), spathulenol (10.64%), germacrene D (10.48%), β-bourbonene (8.04%) and caryophyllene oxide (4.9%), respectively.
While, in Sefidkhani population caryophyllene oxide (14.17%), caryophyllene (12.07%), 1, 8-cineole (11.57%), n-tetracosane (9. 14%), 4 a-α,7-β,7 a-α-nepetalactone (8.84%), β-pinene (6.8%), (Z)-β-farnesene (4.48%) and germacrene D (3.31%) were existed as the prominent constitutes.
Trichomes study
Both surfaces of leaves in the studied populations were covered by trichomes. The indumentum of Sefidkhani population had more trichomes and was denser than Qazvin population. In the other hand, the total trichome number of Sefidkhani populations was 1.78 times larger than other population. Two main types of trichomes were recorded on both leaf surfaces of the studied populations; glandular and non-glandular.
The non-glandular ones were simple and unbranched and were observed as one to five-celled. The number of one-celled hairs was the same between two populations, while the other trichomes number varied between these populations. The highest number of two-celled (42) was found in Qazvin population (Figure 1. A) , but the largest value of three (111) (Figure 1. B) , four-celled (9) (Figure 1 . C) as well as five-celled (2) (Figure 1 . D) were found in Sefidkhani population. The most frequent non-glandular hair in both populations was three-celled type.
The glandular hairs were divided into three types; peltate, capitate and sessile. The sessile glandular trichomes had two shapes uni and bi-celled. Both trichomes numbers were stable between the studied populations. While, the number of capitate and also peltate hairs differed between these populations. The peltate trichomes had a single basal cell and a large secretory head composed of four to six cells (Figure 1 E) . Highest value of peltate type (2) belonged to Sefidkhani population. This condition held true for capitate type. These hairs had a basal cell, a stalk cell, and a head that was uni/bi-celled (Figure 1 F,G) . All of the observed capitate hairs had short stalk and the largest number of it with different shapes was reported from Sefidkhani population. The most frequent glandular hair among these populations were short-stalked capitate. The ANOVA test showed significant variations (p≤0.05) for non-glandular three and four-celled hairs and also shortstalked capitate trichomes (Table 3) .
Discussion
In this work, trichomes morphology along with essential oils composition was compared in two populations of N. heliotropifolia. The essential oil amounts varied greatly among these populations. Although, it's content in Sefidkhani population was equal to essential oil amount of previous study in this species (Sajjadi and Khatamsaz 2001) , the amount of essential oil in Qazvin population was very low in comparison to the mentioned previous study. These findings were in agreement with trichomes densities. We observed that, the total number of glandular trichomes in Sefidkhani population were more than Qazvin population. The infraspecific variations in trichomes were reported in different species (for instance, Rezakhanlou and Talebi 2010) . Mc Caskill and Croteau, (1995) considered the glandular hairs as exclusive localities for production of essential oil. Glandular trichomes are epidermal structures covering the plants aerial organs. The density of these trichomes kinds of the leaves sides has been found to be positively correlated with the essential oil amount of the plants (Bosabalidis 2002 Three different kinds of glandular trichomes were seen on the leaf epidermal surfaces, but the main of them were peltate and capitate. These types of trichomes were observed in other species of the Lamiaceae family. For instance, the peltate trichomes are also observed in Salvia blepharophylla (Bisio et al. 1999) , Ocimum basilicum, Teucrium chamaedrys, Teucrium siculum (Servetazz et al. 1994) , Sideritis syriaca, Lagochilus macracanthus Fisch. & C.A. Mey and Pogostemon cablin ). Moreover, species like Nepeta (Bourett et al. 1994) , Acinos graveolens (Talebi and Shayestehfar 2014) , Ziziphora tenuior , Mentha piperita (Askari et al. 2016a) and Lallemantia royleana (Askari et al. 2016b ) had different types of capitate hairs. In addition to morphological variations (Fahn 2000) , peltate and capitate hairs have different secretion mechanisms. Siebert (2004) stated that the compounds secreted by capitate hairs are mostly excreted to the surrounding environment, apparently through pores in the cuticle of the head cell (s). While, in peltate hairs the secretions accumulate in a capacious subcuticular space shaped by the separation of the head cell walls from the cuticular dome that encloses them, and remain there until the cuticle is physically ruptured. Therefore, peltate hairs function as repositories for the specialized phytochemicals that they secrete.
Not only the major components of the essential oil differed between the studied populations, but also many of the minor constitutes of Qazvin population essential oil were absent in Sefidkhani population. However, it is important to know that the types and also amounts of the essential oil main compounds of Sefidkhani population were similar to those were reported by Sajjadi and Khatamsaz (2001) . They found that 1, 8-cineole (19.0%), caryophyllene oxide (14.2%), P-caryophyllene (11.3%), spathulenol (8.3%), myrtenol (5.9%), trans p-farnesene (5.1%), trans-pinocarveol (4.2%) and α-terpineol (4.1%) were the main compounds of essential oil in Hamadan population of this species. Although, one of the major compounds of Sefidkhani population, 4 a-α, 7-β, 7 a-α-Nepetalactone (8.84%) didn't present in Hamadan population. Former studies (e.g. Handjieva et al. 1996; Sharma and Cannoo 2013) showed nepetalactones, as one of the principal constituents of N. angustifoliates, N. cataria, N. mahanensis and N. nepetella . The common name of these terpenoids is catmints. They have antimicrobial and insect repellent activities, while nepetalactones are also strong feline attractants. The components are reported to accumulate in the subcuticular space of the peltate glandular trichomes (Clark et al. 1997) .
Although, the change in peltate trichomes number not so great between these populations, the number of shortstalked capitate and most types of non-glandular hairs widely varied between two populations, there are many possible reasons for it. It seems that nearly a 500m variation in habitat altitude between these populations is the main factor. Former studies confirmed that plants grow at a higher altitude have special morphological and also anatomical traits, which help them to tolerate hard ecological conditions ( Kofidis et al. 2003) . The change in indumentum density was one of them that were clearly observed between the studied populations. These conditions were explained for other Nepeta species. For example, significant differences in density of trichomes were found between populations grow at different altitudes (Kofidis et al. 2007 ). Karabourniotis et al. (1998) stated that plants at higher altitudes have to be more protected from irradiance of excessive UV-B, and the flavonoidcontaining trichomes help it. Apart from the protection of UV-B, the dense leaves covered with non-glandular trichomes at higher altitudes may further contribute to protection from low temperatures (Kofidis and Bosabalidis 2008) . Therefore, changes in trichomes number influence the manufacture as well as the secretion of essential oil. It seems that infraspecific variations in the essential oil compositions have adaptive value for plants. Ding et al. (2010) stated the compositions of essential oil are also involved in a variety of ecological interactions, such as allelopathy. It is a mechanism of biochemical interaction between plant-plant, plant-microbe, plant-insect or plantherbivore (Alipour and Saharkhiz 2016) . Allelopathic products can be volatile and release from the different organs such as leaves, stem as well as roots. Scrivanti et al. (2003) demonstrated allelopathy is generally accepted as a prominent environmental parameter in determining the structure and also composition of plant communities. Studies (e.g. confirmed that the populations of a species that grow in the different habitats face with different ecological conditions. Therefore, they interact with various plant taxa and for their survives and better growth must compete with a wide range of accompanied plants. For this reason, like phenotype plasticity that occurred for plant fitness with the niche ecological condition, chemical composition of essential oil of each population co-evaluated. Franzios et al. (1997) believed that the essential oil biological effects are often related to the presence of some main compounds. While, the activity of the prominent constituents of the essential oil can be modulated by the minor molecules. Therefore, each population had its unique essential oil compositions for better establishment in its habitat and makes the molecules that needs for its allelopathic interactions. For example, terpinen-4-ol completely inhibited the germination of seeds and also the growth of seedlings in different species, like Amaranthus retroflexus, Rumex crispus and Chenopodium album (Kordali et al. 2007 ). Moreover, thymol, carvacrol and carvone showed high inhibition even at low concentrations against weed seeds such as Amaranthus retroflexus, Centaurea solstitialis, Raphanus raphanistrum, Rumex nepalensis, Sinapis arvensis and Sonchus oleraceus (Azirak and Karaman 2008) . Wang et al. (2010) found that β-caryophyllene inhibited the germination of seed, growth of the root as well as shoot in various taxa such as Raphanus sativus, Mikania micrantha, Brassica campestris, Lactuca sativa. Moreover, δ-cadinene had phytotoxic activity on Isolepis nodosa (Ens et al. 2009 ).
Since, the essential oil major compound were different between the studied populations, the medicinal properties of these population are different. Phytol is an important unsaturated terpene and is a product of chlorophyll metabolism. The compound has high antimicrobial activity, high stability, and also low toxicity (Ghaneian et al. 2015) . Alpha-copaene is a tricyclic sesquiterpene. Former investigations indicated it has anticarcinogenic, antioxidant, hepatoprotective and antiinflammatory activities (Turkez et al. 2014 ).
While, β-caryophyllene and β-caryophyllene oxide are Natural bicyclic sesquiterpenes and both of them have significant anticancer activities, affecting growth and proliferation of many cancer cells (Fidyt et al. 2016) .
In total, the obtained results proved that the morphology and densities of trichomes with essential oil compositions differ between populations of the same species. In some cases, these variations are not so great, while sometimes high infraspecific variations in trichomes as well as essential oil amount and compositions are observed between populations and lead to the creation of chemotypes as seen in Qazvin population.
